Six monoclonal antibodies (MAbs) against the haemagglutinin-neuraminidase (HN) protein and three against the fusion (F) protein of mumps virus were obtained. Anti-HN MAbs were classified into three antigen-specific groups in competitive binding assays. All of the anti-HN MAbs showed virus-neutralizing and haemolysisinhibiting activities and inhibited fusion from without (FFWO). Three of them inhibited fusion from within (FFWI) and the cell-to-cell spread of infection. The most effective MAb in inhibiting FFWI possessed neuraminidase-inhibiting activity and little haemagglutination-inhibiting activity. All anti-F MAbs inhibited virus-induced haemolysis but none of them inhibited FFWO, FFWI or the cell-to-cell spread of infection.
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1984) except that OG-EA (5 ~tg/ml) and peroxidase-conjugated goat anti-mouse immunoglobulins (diluted 1 : 1000, Cappel Laboratories) were used as the coating antigen and the secondary serum, respectively. The ELISA titre was expressed as the reciprocal of the highest dilution that gave an absorbance value of more than 0.5 at 492 nm. The isotypes of the MAbs were determined as described previously (Sato et al., 1985) . Competitive binding assays in ELISA were performed as described by Sato et al. (1985) . The inhibition ratio of competitors was calculated as the percentage of the absorbance value of their maximal inhibition compared to the absorbance value given by a peroxidase-conjugated MAb in the absence of any competitor. Haemagglutination-inhibition (HI) tests and neutralization (NT) tests (plaque reduction assays) were carried out as described previously (Sakata et al., 1984) . The plaque reduction assay was only available for the EY strain, a Vero cell-adapted EA strain (Tsurudome et al., 1984) ; because the EA strain did not show multiple cycles of growth in Vero cells, its infectivity was determined by a haemadsorption method expressed as tissue culture infective doses (TCID5o). The NT titre was expressed as the reciprocal of the highest dilution that gave 50~ reduction of infectivity. N-Acetyl neuraminlactose (Gibco) was employed as the substrate in the neuraminidase inhibition (NI) test which was carried out according to the method of (~rvell (1976) . The HLI test was performed before (pre-) and after (post-) adsorption of the virus to guinea-pig erythrocytes . The inhibitory effects of MAbs on virus-induced cell fusion were measured by the following three methods. (i) FI test for FFWO. Vero cell monolayers grown in 96-well plates (Falcon) were inoculated with about 104 egg infective doses (EID5o) of the EA strain per cell and kept at 4 °C for 1 h. Immediately after removal of the inoculum, the cells were overlaid with Eagle's MEM (EMEM) containing various amounts of MAbs and kept at 37 °C for 6 to 12 h ('post-adsorption' inhibition test). In 'pre-adsorption' inhibition tests MAbs were reacted with the EA strain at 37 °C for 1 h and the mixtures were inoculated onto Vero cell monolayers. The results were scored after 6 to 12 h. Without any MAb, FFWO was observed within 2 h at 37 °C and reached a plateau at 4 to 6 h post-inoculation. (ii) FI test for FFWI. Vero cell monolayers were inoculated with the EY strain (10 p.f.u./cell) and kept at 37 °C. Eight h later, the inoculum was removed, MAbs were added to the virus-infected cells and the results were scored at 24 h post-inoculation. Without any MAb, FFWI was first observed at 18 to 20 h post-inoculation and progressed until all cells were fused and destroyed. (iii) FI test for fusion induced by infected cells (FIIC). Vero cells inoculated with the EY strain (10 p.f.u./cell) 12 h earlier were dispersed and the suspensions were overlaid onto L929 cell monolayers as described previously (Yamada et al., 1984b) . Immediately after the overlay, MAbs were added, kept at 37 °C for 12 h and the results were scored ('post-adsorption' inhibition test). In the 'pre-adsorption' inhibition test MAbs were mixed with infected Vero cell suspensions and kept at 37 °C for 1 h and then the mixtures were overlaid onto L929 cell monolayers. The results were scored after 12 h. The FI titre for each test was expressed as the reciprocal of the highest dilution that gave less than 50~ of the fusion index of each control (without MAbs) determined microscopically after staining with Giemsa's solution. The fusion index was estimated by counting the number of nuclei in polykaryocytes and by expressing this as a percentage of the total number of nuclei present in the same microscopic field. Since the EA strain replicated poorly in Vero cells, FI tests for FFWI and FIIC were not available for this strain.
In total, 91 hybridoma cell lines producing MAbs which bound to MV (OG-EA) were obtained by ELISA screening. The specificity of the MAbs was determined by radioimmunoprecipitation assay (RIPA) using purified EA strain radiolabelled in vitro (post-labelled) with Nsuccinimidyl-[2,3-3H]propionate (Amersham) in accordance with the method of Ho-Terry & Cohen (1982) . Six MAbs precipitated the HN protein, 47 MAbs precipitated the F protein and one MAb precipitated the matrix (M) protein (data not shown). Since the post-labelling method resulted in preferential incorporation of tritium into the membrane proteins (HN, F and M) rather than into the core proteins (large, nucleocapsid and polymerase), [35S]methioninelabelled HeLa cell (infected with the EY strain) extract was used for the sensitive detection of MAbs directed against the core proteins, and 12 MAbs specific for the nucleocapsid protein were thus identified. This extract was also available for detecting anti-HN and anti-F MAbs. (Amersham) for 12 h at 24 h post-inoculation and cell extracts were prepared using RIPA buffer (Yamada et al., 1984a) . Twenty-five ~tl Protein A-Sepharose CL-4B (Pharmacia) was mixed with 50 ~tl MAb diluted 1 : 16, kept at 37 °C for 2 h and washed once with PBS. Then the MAbcoated Sepharose was reacted with 50 ~tl of the extract at 4 °C for 2 h and washed twice with RIPA buffer and once with PBS. For the IgA antibodies, Protein A-Sepharose was coated with rabbit antimouse IgA (MBL, Japan) prior to the addition of MAb. The precipitate was analysed by SDS-PAGE. In order to analyse topographically the antigenic determinants of the H N protein, competitive binding using ELISA was measured ( Table 2 ). The anti-HN M A b s were classified Short communication To explore further the FI activity of anti-HN MAbs, we arranged an FI test using the EY strain (a Vero cell-adapted EA strain), which caused cell-to-cell fusion as a result of viral glycoprotein synthesis and expression at the cell surface (FFWI). As shown in Table 3 , FFWI was remarkably inhibited by MAb 3-1 (site III). In this FI test Veto cells were inoculated with 10 p.f.u./cell, so that fusion should have occurred among the infected cells. To investigate the effect of MAbs on fusion between infected cells and uninfected cells, we designed an additional type of FI test using infected Vero cell suspensions and uninfected L929 cell monolayers; this was named the FI test for fusion induced by infected cells (FIIC). The FIIC inhibiting activity was more detectable before the adsorption process (Table 3 , Pre). MAb 3-1 (site III) inhibited FIIC most effectively. MAb 85 (site I) and MAb 78 (site II) inhibited FFWI and FIIC, although less effectively than did MAb 3-1. Interestingly, MAb 78 showed the most effective activities in HLI and FFWO inhibition tests, whereas MAb 3-1 showed the least (Table 1) . MAb 8C (site I) and MAbs 54 and 30B (site II) inhibited neither FFWI nor FIIC regardless of their FI(FFWO) activity. The NI activity of each MAb against the EY strain was almost equal to that against the EA strain, whereas the HI activities were more distinct: when tested with the EY strain, the HI activity of MAb 54 and MAb 3-1 became detectable and the HI activity of MAb 78 against this strain increased about 250-fold compared to that against the EA strain (compare Tables 1 and  3 ). The NT activity of MAb 54 against the EY strain became less detectable, while MAb 85 exhibited prominent NT activity at a similar titre to that against the EA strain. None of the anti-F MAbs showed either FFWI inhibition or NT activity against the EY strain (< 10 and <4, respectively) (data not shown).
To examine whether anti-HN MAbs with FI(FFWI) activity could inhibit the spread of infection, Vero cell monolayers were inoculated with the EY strain (0.1 p.f.u./cell) and incubated with MAbs. In the presence of MAbs 85, 3-1 and 78, viral antigen was observed as intense cytoplasmic inclusions but was limited to single cells (Fig. 2a, b, c, respectively) . In contrast to this, the spread of infection along with syncytium formation was evident in the presence of MAbs 8C, 30B and 54 (Fig. 2d, e, f) and in the absence of any MAb (data not shown). All anti-F MAbs (84, 101 and 1C) failed to prevent the spread of infection (data not shown).
From these results, it might be suggested that MV HN protein has an important role in membrane fusion. The biological activities of six anti-HN MAbs showed that they were similar to the anti-HN MAbs reported by Orvell (1984) , although we have no MAbs comparable to those of group I (t3rvell, 1984) which had little biologica ! activity. All anti-F MAbs could inhibit haemolysis as already reported by Orvell (1984) but none of them inhibited either FFWI or FFWO. Besides membrane fusion, haemolysis involves the leakage of haemoglobin, so that anti-F MAbs might inhibit the leakage even if they could not inhibit membrane fusion. Thus, in any case the role of MV F protein in cell-to-cell fusion could not be corroborated.
A possible involvement of paramyxovirus HN protein in membrane fusion has been pointed out (Ozawa et al., 1979; Nakanishi et al., 1982) . Recently, Nussbaum et al. (1984) and Citovsky & Loyter (1985) have demonstrated that Sendai virus HN protein has an additional function (other than receptor-binding) essential for membrane fusion with reconstituted viral vesicles and receptor-depleted erythrocytes or liposomes. In the present study, we showed that all six anti°HN MAbs inhibited FFWO even after the virus had adsorbed to the ceils and that three of them also inhibited FFWI. Our results also showed that the FI activity of these anti-HN MAbs did not correlate with the levels of either HI or NI activity; on the other hand, FI(FFWO) activity was a common property of anti-HN MAbs. MAb 54 showed high FI(FFWO) activity, but neither HI nor NI activity against the EA strain. In this regard it is worth pointing out that a MAb specific for Sendai virus HN protein, lacking HI and NI activities, blocks FFWO without affecting virus attachment to cells (Miura et al., 1982) .
Whether the two functions of the HN proteins of the paramyxoviruses are exhibited by the same site or different sites on the molecule has long been a controversial debate. Our data seem to support the idea that different sites are involved in the haemagglutinating and neuraminidase activities of MV HN protein (Orvell, 1984) . It seems that the binding of MAb 3-1, which has similar properties to those of the anti-HN MAbs in group IV of Orvell (1984) , to a site probably Short communication adjacent to the neuraminidase site and separate from the haemagglutinin site leads to the complete inhibition of FFWI, although the mechanism of this inhibition still remains to be elucidated. Although the mechanism by which MAb 3-1 mediates virus neutralization is still unknown, it is very likely that MAb 3-1 neutralizes viral infectivity by blocking virus-to-cell fusion (penetration) and effectively restricts the spread of infection by inhibiting cell-to-cell fusion (FFWI) even when infection has taken place. The FI(FFWI) activity of a given anti-HN MAb correlated with neither HI nor NI activity, suggesting the presence of a third function which might affect the fusion activity of the F protein besides the haemagglutinating and neuraminidase activities of the HN protein. The mechanism(s) underlying a molecular interaction between the HN and F proteins could be determined by defining the primary and/or tertiary structures of these proteins.
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